Note; the alcohol, which is a known compound [ESI.1-2], can be prepared in either enantiomeric configuration. Use of the (R,R)-enantiomer of catalyst gives the alcohol of Rconfiguration, whilst use of the (S,S)-enantiomer of catalyst gives the alcohol of Sconfiguration. Scheme ESI.1. illustrates the formation of the S-alcohol, which is the precursor of the ester (S)-NEP described in the main paper. 
Sample Preparation and Imaging
The Cu(110) and Au(111) substrates were chosen as exemplary systems for reactive and unreactive substrates, respectively: Cu because of its use as catalysts for ester cleavage [ESI.
4, 5] and the (110) orientation as the most reactive among the low-Miller index planes; Au as an inert metal and (111) as the least reactive orientation. They were cleaned by cycles of Ar + sputtering (1 KeV, 6.5 µA, 5×10
-5 mbar, 15 min) and annealing (Cu -650°C, Au -600°C, 2×10 -9 mbar, 5 min). The NEP molecules were deposited onto the substrates by thermal sublimation from a Knudsen cell with a crucible temperature of 120°C for 10-30 min.
Biphenylcarboxylic acid molecules were sublimed at 110°C for 2-5 min. The substrates were maintained at RT during deposition unless differently specified and then quenched to -196°C for imaging. Measurements were performed in a Createc UHV, low temperature STM system at -196°C with a base pressure of 4×10 -11 mbar. Images were typically acquired at -1.3 V with a tunnelling current of 3×10 -11 A. Errors in the STM evaluation of molecular sizes represent the standard deviation over a large statistics of data. All images were processed using the WsXM software [ESI.6].
NEP Fragmentation Paths
Before the experimental results are discussed, it is important to understand the possible products of the dissociation of NEP. Scheme ESI.3 shows the two possible cleavage locations, a and b, and the species resulting from fragmentation at those bonds. Cleavage at bond a will generate the two planer species, 2 and 3, which are both stabilised by delocalisation effects. Molecule 2 is a prochiral species where the carbon rehybridises allowing delocalisation around the napthyl ring. The negatively charged carboxylate species 3 is symmetric and can be assumed to be stabilised in this form on the Cu(110) surface from comparison with similar benzene-carboxylic acids [ESI.7-11]. The cation 2 will most likely further deprotonate to the alkene 4, producing an adsorbed free proton, whose fate depends on the specific substrate. On Cu(110), due to the aforementioned stabilisation of the carboxylate species, the free protons will most probably recombine and, after electron transfer from the metallic surface, desorb as molecular hydrogen. On the other hand, on the less reactive Au(111) it is expected that, because of the proximity of the two groups, the proton transfers to the carboxylate 3, protonating it to the acid, 5 (see main text).
Cleavage at bond b, as suggested by reference [ESI.5], will create the two radicals, 6 and 7, neither of which can be further stabilised via delocalisation effects. Radical 7 is chiral while radical 6 is prochiral.
In summary, the most likely cleavage of ester NEP is at position a because this will generate the most stable products based on their stabilisation from delocalisation.
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Scheme ESI.3 The two possible fragmentation pathways of NEP.
Sublimation tests

Sublimation Test of NEP
Since NEP is a relatively large molecule, there is the possibility it dissociates even before surface adsorption, due to thermal decomposition during sublimation. For this reason the electrospray ionisation mass spectra of the pristine molecule and the molecule recovered from a glass slide after vacuum sublimation were compared.
NEP was sublimed onto a glass microscope slide from a Knudsen cell with a crucible temperature of 120°C at a base pressure of 2×10 -6 mbar. The electrospray ionisation mass spectra (ESI-MS) were recorded both for the molecules before sublimation, figure ESI.1(a), and for the material recovered from the glass slide, figure ESI.1(b). The two ESI-MS show the same two peaks corresponding to the molecular peak, 375, and the cationic 2-ethyl naphthalene fragment, 2, 154.9, resultant from a cleavage at the RCH(CH 3 )-OC(O)R bond.
The presence of the cationic fragment in the reference spectra, prior to sublimation, indicates that it is generated by the ionisation process. Since the peak ratios are reasonably equivalent between the two spectra in figure ESI.1, we deduce that the molecule has not decomposed during sublimation.
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Figure ESI.1 Electrospray mass spectra of NEP (a) prior to and (b) after heating to 120°C.
Apart from the solvent contamination peaks between 160 and 360 m/z that appear at different intensities (e.g. the peak at 238.9 m/z), the two spectra are identical showing the molecule has not decomposed during sublimation.
Sublimation test of possible fragment species
Cleavage along the RO-C(O)R bond
Based on the calculations by Santiago et al. [ESI.5], esters should dissociate along the RO-C(O)R bond on Cu substrates to generate the radicals 6 and 7 in scheme ESI.3. Since the radical 7 could not exist outside of our experimental environment, we decided that the molecule 1-(2-naphthyl)ethanol (8 in scheme ESI.4) would be the best analogue. This is because, in particular upon deposition on the reactive Cu(110) substrate, 8 could be expected to deprotonate thereby generating a similar species to 7. However, after maintaining the alcohol 8 at a vacuum of 2×10 -6 mbar for one hour at room temperature, the molecule had visibly evaporated such that there were no longer molecules present in the crucible. This indicates that the vapour pressure of 8 is too high for this molecule to be deposited in UHV through a Knudsen cell. The molecule was therefore not analysed.
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The analogue for the complementary fragment, radical 6, is more difficult to create.
Deposition of biphenyl-4-carbonyl chloride (9 in scheme ESI.4) could, in theory, be a candidate, although the relatively high annealing temperature required to dissociate the chlorine is expected to induce molecular coupling via an Ullman reaction [ESI.12]. As a consequence, this molecule was also not analysed further.
Cleavage along the RCH(CH 3 )-OC(O)R bond
If, on the other hand, the NEP molecule cleaved along the RCH(CH 3 )-OC(O)R bond, the resulting fragments would be 2 and 3. As discussed in section 4, these may undergo Htransfer to the alkene 2-vinylnaphthalene 4 and the biphenylcarboxylic acid 5, respectively.
Although alkene 4 was also planned to be deposited on Cu(110) and Au(111), its melting temperature is around 64-68°C, i.e. even lower than that of 9 (70-71°C). The alkene 4 is thus expected not to be stable under vacuum conditions either. If the molecules in figure ESI.5 were to be assigned to species 6, then the complementary fragment 7 should also be observed. But this is not the case since 7 is chiral and there is no evidence for any chiral species in the STM data. Moreover, even with the best tip conditions, symmetric oblong species (as those reported, e.g., in the upper row of figure ESI.3) are always observed to coexist with the prochiral species. Neither 6 nor 7 possess this symmetry, therefore strongly supporting the idea that the NEP cleavage cannot happen along the RO-
On the other hand, the experimental observations are nicely explained by a cleavage along the RCH(CH 3 )-OC(O)R bond, since this would produce molecules 4 and 3 which are prochiral and symmetric, respectively.
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Figure ESI.5. STM image of two mirror symmetric species observed on the dissociated NEP after deposition at room temperature on Cu(110).
Origin of the Two Main Configurations Observed for the Low Temperature
Deposition of NEP on Cu(110)
When deposited onto a Cu(110) substrate held at -130°C, the NEP molecules either fragment (20% of the population), or adsorb intact (80%) and appear as two lobes, one larger than the other, linked by a bright protrusion. Of the intact molecules, 45% have a conformation where the two lobes make an angle of 90° to one another, 35% have an angle of 130° and 10° have an angle of 180°. The two major conformations, namely the 90° and 130°, can be explained by a rotation of 180° about the naphthalene-CCH 3 O bond shown in figure ESI.7. This changes the angle that the biphenyl and naphthalene groups make with one another.
Gas phase calculations of the energies for these two configurations were performed using the AM1 method in the GAMESS software [ESI.13]. The energies were minimised until a difference of 1.0×10 -6 Hartree was obtained for successive iterations. The energies obtained were 4115.712992 eV and 4115.716639 eV for the 130° and 90° orientations, respectively.
The difference of about 4 meV implies that these two configurations are essentially energetically identical in the gas phase. molecule is imaged without a bright spot at the position of the methyl group. We exclude that this is due to NEP adsorbing with the methyl group directed towards the surface, since this would result in a mirror symmetric appearance of the molecule which was never observed.
Alternatively, it could be argued that the molecules have fragmented but are still held in an Lshaped configuration because of H-bonding. This is also thought to be unlikely because individual fragments are observed on the surface too (20%), indicating that the barrier for their separation is low. Moreover, manipulation of the molecules by the STM tip showed that they translate and rotate as a single entity and do not split into two separate features (figure ESI.8).
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Manipulation of NEP Molecules with the STM Tip
In order to manipulate the NEP molecules, the STM tip was brought very close to the surface by increasing the tunnelling current to 8×10 -9 A and reducing the bias to 0.09 V (typical imaging conditions are 3×10 -11 A and 1.3 V). The scanning rate was maintained at 3 Hz.
Images before and after manipulation are shown in figure ESI.8, where immobile molecules are used as a reference and are circled in red while the moving molecules are circled in blue.
Both translation and rotation of whole molecules were observed, strongly indicating that the molecules have not fragmented. 
